In this paper, using discrete event stochastic simulation by batch-means, new results have been obtained by analysing the sensitivity of CDMA blocking probability for a given traffic load against various number of calls per batch and confidence intervals. It is found that for the system under study one long simulation with one million call arrivals produce approximately 99% confidence in results while it needs 100,000 calls to achieve 95% confidence. For system under study and with 27 Erlang of traffic, the blocking probability is 0.0202 with 99% confidence and 0.0192 with 95% confidence. The impact ofwarm-up period on CDMA simulation is discussed. Situation with three tiers of neighbouring cells are considered when mobile compares three base stations and chooses the base station with the strongest signal.
Introduction
The operation of communication networks is usually evaluated using simulation techniques which, unlike analytical methods, use fewer assumptions and behave more like real systems. The complexity of modern communication systems is another driving force behind widespread use of simulation techniques [1, 2] . Performance modeling by simulation generally includes the following steps: (a) obtain a valid simulation model of the system; (b) develop, test, and verify simulation software; (c) obtain and analyze data [3] .
Because in stochastic simulation the input data (for example arrival and service times) are random variables, the output results might vary depending on the simulation length. Statistical behavior and analysis of the random variables is very important in determining the accuracy of the simulation results [3] . In addition, the simulation model is an abstract model and the results are not as deterministic as the hardware model's results. Therefore, the CDMA simulation model will need to be run many times, with different random numbers, to provide sample results for analysis [4] . In this paper, discrete event simulation by batchmeans of a M/M/oo queuing system is utilized to analyze the simulation results. The simulation warmup period, run time, and CDMA blocking probability results are analyzed by varying the number of calls per batches and the confidence interval in the batch-means simulation method. The warm-up period is also studied because initially the queuing system is empty and it takes some time for the system to reach the steady-state situation. Call blockage is less unlikely to occur during this period. Any data collected during the initial period (the transient or warm-up period) could affect the accuracy of the results.
The organization of this paper is as follows. In next section, the system model is briefly discussed. Section 3 covers simulation by batch-means. The simulation analysis results are then presented. The last section presents conclusions.
System Model
A cellular CDMA system (a home cell and three tiers of neighboring cells as discussed in [5] ) is considered with a base station located at the centre of each cell. The signal strengths of three neighboring cells are compared to find the home cell as found in [6] . Calls are considered to suffer log-normal shadowing (but not Rayleigh fading [7] ). All cells are assumed to be homogeneous in every respect and users are assumed to be uniformly distributed over the cell area. The reverse link (mobile to base station) is investigated as it is the limiting link due to its inferior performance compared to the forward link [8, 9] . The simulation model and blocking probability calculations are further explained in [6, 10, 1 1].
Simulation by batch-means method
A variety of methods (replications method, batch means method, and regenerative simulations) have been suggested for data collection and analysis [12] . The batch-means method is used in this study to simulate the CDMA system. In this method, the results are obtained from a single simulation run time but the simulation observations are divided into batches [13] . The simulation is run for a number of batches and continued until the required precision is reached between the results of various simulation batches [12] . so that ,u is the average of the averages. The sample variance for the iterations is thus
K1=
Applying the Central Limit Theorem [14] [15] [16] , for a very large number of call arrivals, it is fair to assume a normal distribution for AI with an estimated mean and standard deviation G(k)/V. For a normally distributed variable, the 95% confidence interval is +1.96 times the standard deviation of the mean and the 99% confidence interval is +2.58 times the standard deviation of the mean [15] . If ,u is the true mean, then the 99% confidence interval is P(-2.58 ) < = ,u-< +2.58 >t) = 0.99 (6) Hence the true mean ,u is ,±+2.58o(K)/ K with 99% confidence and u±+1.96c(K)/ K with 95% confidence [17] . The difference u -,u is the error of the estimate, the difference between the true mean and the estimated mean. If the results within a 1% margin are accepted, the following inequity should hold to terminate the simulation
Note that as K (number of batches) increases, the LHS of the above inequality decreases. Essentially (7) is a test, the batches are continued until it is satisfied. In the CDMA simulation model, and for each batch, the mean value of the average blocking probability is obtained in Section 5 for 5,000 and 50,000 call arrivals. When the number of call arrivals exceeds 5000 or 50,000, the second batch begins. The batches are continued until the required 95% or 99% confidence in the results is reached.
Results
To study the effect of the initial warm-up period on the accuracy of the results, the simulation was performed under various scenarios for the CDMA parameters of W/R=125 (processing gain), cc=0.4 (voice activity), Eb NO=7dB (call quality), S/q=-1 dB (signal to background noise), 6 =8dB (shadowing parameter), and m=4 (distance exponent) and traffic load of 27 Erlangs. Figure 1 shows the effects of the warm-up period when the system has not reached steady state. The simulation was performed with three different sets of random numbers for the first 700 call arrivals. The first few call losses (blocked calls) for the three simulations were call numbers (62, 98, 106, 113, ...) and (79, 88, 98, 202, ...) and (124, 318, 327, 379,...). Due to randomness of the CDMA parameters, one cannot estimate which calls will be lost. In the three simulations, there were no call losses for the first 61, 78, and 123 calls respectively. As it can be seen in Figure 1 , initially the system is empty and there is a low probability of call losses. As the system has not reached the steady state, there is a large variation in blocking probability and there is not much similarity between the three simulation results. The blocking probability varies between zero and 0.037. As the simulation progresses and the number of call arrivals increase, variation in the blocking probability drops sharply approaching the 0.015-0.023 range for 700 call arrivals (Figure 1 ).
Figure 1: Average blocking probability versus the first 700 calls for three different simulation runs with different random numbers.
The simulation was also performed for two simulation runs with different random numbers, and for the first 10,000 call arrivals, and the blocking probability graph is shown in Figure 2 . The warm-up period can be clearly seen in the graph where initially there is a low probability of blockage and data collected during this period should be ignored. As the number of calls increase, the randomness in the results decreases and the results of the two simulation runs approach the blocking probability of 0.018-0.020 (Figure 2 ).
In the simulation with different number of calls per batch, it was observed that as the number of calls per batch increase, the randomness of the results decreases (Figures 3 and 4) . For 5,000 calls per batch, the average blocking probability is within 0.0175-0.021 range and for 50,000 calls per batch it changes within 0.0196-0.0203. The randomness of blocking probabilities in the figures is because of the randomness in the CDMA parameters (call arrivals and departures from the system, shadowing, and call location within the cell). For 5,000 calls per batch, Figure 3 indicates that the first set of data is not reliable as the blocking probability is low due to warmup period. For the system under study with 27 Erlangs of traffic, if the result within a 95% confidence interval is required, the batch-mean simulation is performed for twenty batches (100,000 total calls) giving the average blockage probability of 0.0192. Figure 4 shows the average blocking probability for 27 Erlangs of traffic after each batch is added for 50,00 calls per batch. As more batches are added, the overall blocking probability approaches the final blocking probability of 0.0202 with 99% confidence interval. 
Conclusions
Discrete event simulation method by batch-means method of M/M/ oo queuing system was used in simulation of CDMA system. Simulation with 5,000 and 50,000 call arrivals per batch, was used to end the simulation when 95% and 99% confidence in results was required. For 50,000 calls per batch, 19 batches were requited to reach 99% confidence interval and provide the average blocking probability of 0.0202 for the system under study. In other words, it was found that one long simulation with one million arrivals produce the same or better than 99% confidence interval in results. Twenty batches of 5000 calls each were required (100,000 calls) to achieve 95% precision in the results providing probability of blockage of 0.0192.
The blocking probability per batch randomness substantially decreased as the number of calls per batch increased from 5,000 to 50,000. As the number of batches increased the total average blocking probability approached a steady-state value.
The impact of warm-up period was also analysed by determining the blocking probability against the number of call arrivals. Initially the blocking probability was zero but it gradually increased as more calls were blocked. The simulation results of the first 700 calls for three simulations determined that the blocking probability was so random for each initial stage of the simulation (warm-up period). For The blocking probability range was zero to 0.037 for the first 700 calls. When the number of calls arrivals increased to 10,000 and simulation was performed for two simulation runs, the randomness in results decreased approaching the blocking probability range of 0.018-0.020. 
